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[57] ABSTRACT

A semiconductor memory device includes a redun-
dancy decoder circuit. The redundancy decoder circuit
includes FAMOS transistors to which an address pat-
tern, corresponding to an address of a defective mem-
ory cell to be replaced by a redundancy memory cell, is
written at the floating gates of the FAMOS transistors.
The FAMOS transistors are depletion type. Control
gates thereof receive a voltage having ground level or
lower during a usual memory access mode.

7 Claims, 4 Drawing Figures
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1
SEMICONDUCTOR MEMORY DEVICE

This 1s a continuation of co-pending application Ser.
No. 505,977 filed on June 20, 1983, now abandoned.

BACKGROUND OF THE INVENTION

(1) Field of the Invention |

The present invention relates to a semiconductor
memory device, more particularly to a semiconductor
memory device including a redundancy decoder cir-
cuit.

(2) Description of the Prior Art

A recent trend in semiconductor memory devices is
for higher integration. Along with this trend, it has
become increasingly uneconomical to have to discard
an entire memory due to, for example, a defect in a bit
- memory cell among the large number of memory cells
in the device. Thus, in addition to the memory cell
- array, a one-bit redundancy memory is usually pro-
vided. When an address input specifies a defective mem-

ory cell, an address jump to the redundancy bit occurs.
Therefore, although the memory cell array includes a

defective memory cell, it can be used as a normal mem-
ory. A decoder circuit is useful for switching the ad-
dress to the redundancy bit.

- Various types of decoder circuits have been put into
practical use, such as decoder ¢ircuits utilizing fuses or
read only memories (ROM). The fuses are suitably
fused or the content of the ROMs is suitably determined

2

FIG. 2 1s a circuit diagram of a circuit arrangement

- for realizing the redundancy decoder circuit 11 of FIG.
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1;

FIG. 3 is a cross-sectional view of a general structure
of a usual FAMOS transistor; and

FIG. 4 1s a circuit diagram of a redundancy decoder
circuit according to an embodiment of the present in-
vention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1 is a block diagram of a usual semiconductor
memory device including a redundancy decoder cir-
cuit. In this figure, reference numeral 11 represents a
redundancy decoder circuit to which the subject matter
of the present invention relates. The redundancy de-
coder circuit 11 receives an address input which is
branched from an address input ag, ag-a,, a, to be ap-
plied, from an address buffer 12, to a decoder circuit 13.
Reference characters Ag-A, denote an original address
mput supplied from, for example, a central processing
unit (CPU). The decoder circuit 13 receives the address
input ag, ag-a,, a, and accesses the specified cell among
memory cells 14 forming a memory cell array.

As previously mentioned, however it is impossible to
guarantee that all memory cell arrays be manufactured
without defective cells. Therefore, if a defective cell
exists, its function is replaced by a redundancy cell 15.
A decoder circuit cooperating with the redundancy cel
15 1s indicated by reference numeral 16 shown in this

- figure. The decoder circuit 16 or 13 is selectively acti-

in such a manner as to change the output of the decoder

circuit to logic “H” (high) only when an address corre-
sponding to just the redundancy bit cell is received.
The redundancy decoder circuit to which the present
mvention is concerned does not utilize a fuse or ROM,
but a floating-gate-avalanche-injection metal-oxide

semiconductor (FAMOS) transistor. A FAMOS tran-.

sistor 1s preferably used for a redundancy decoder cir-

vated according to whether the address input specifies
the defective cell. This activation is determined by a

- signal appearing at a portion @ the signal output from

35

cuit when a memory is fabricated as an erasable pro- 40

grammable read only memory (EPROM), in view of

the use of common transistor elements for the EPROM

and redundancy decoder circuit. This is because an
EPROM is usually composed of FAMOS transistors.

A FAMOS transistor type redundancy decoder cir-
cuit has not yet been marketed commercially, however,
it should come into practical use in the future.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a °

- semiconductor memory device including a FAMOS
transistor type redundancy decoder circuit suitable for
practical use.

The above object is attained by usmg, not enhance-
ment type FAMOS transistors, but depletion type
FAMOS transistors, in addition, by commonly applying
a voltage of ground level or lower to the control gates
of the FAMOS transistors during a usual memory ac-
cess mode.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be more apparent from the
ensuing description with reference to the accompany-
ing drawmgs, wherein:

FIG. 1 1s a block diagram of a usual semiconductor

memory device including a redundancy decoder cir-
cuit;
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the redundancy decoder circuit 11. -

If the address input accesses the defective cell, the
address pattern of this input is decoded by the redun-
dancy decoder circuit 11. Then, an output of logic “H”
(high) appears at the portion .(n). This output of the
“H” level deactivates the main decoder circuit 13 and
activates the redundancy decoder circuit 16 to select
the redundancy cell 15.

FIG. 2 1s a circuit diagram of an arrangement for
realizing the redundancy decoder circuit 11 of FIG. 1.
The circuit of FIG. 2 is one by which the inventors tried
to realize a FAMOS redundancy decoder. The
FAMOS redundancy decoder of FIG. 2, however, is
not practical in use. In FIG. 2, reference numerals 21,
22, 23, and 24 represent enhancement type FAMOS
transistors. To these FAMOS transistors, data “1” or
“0” are written in advance according to an address
pattern which corresponds to the address of the defec-
tive cell.

During a write mode, a signal P is changed to the
“H” level (while a signal P is changed to the “L” (low)
level). Therefore, a transistor 25 is turned on, while a
transistor 26 is turned off. Here, a write voltage V, of,
for example, about 20 V, appears on a line 27. That 1S,
the high voltage Vp, appears at each drain of the
FAMOS transistors 21 through 24. At this time, a high
voltage of about 20 V is also applied to a word line W.
Further, gate transistors 31, 32, 33, and 34 are con-
nected to the FAMOS transistors 21 through 24, at
corresponding sources. Thus, only the FAMOS transis-
tors connected to the gate transistors which are on are
in a write enable state. If the address pattern corre-
sponding to the defective cell has a pattern of, for exam-
ple, (ao, ag-an, an)=(1, 0-1, 0) only the FAMOS transis-
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tors 21 and 23 are in the write enable state. That is, hot
electrons are injected into each of the FAMOS transis-
tors in the write enable state. The hot electrons are
energized when drain currents flow, due to the high
voltage V,p, through the FAMOS transistors in the

write enable state. This is because, since the control
gates of these FAMOS transistors receive the high volt-

age supplied via the word line, the hot electrons are
attracted to the control gates.

FIG. 3 is a cross-sectional view of a general structure
of a usual FAMOS transistor. In this figure, reference
symbols S and D indicate the source and drain, respec-
tively, both formed in a substrate SUB, the source S
having the gate transistors 31 through 34 mn FIG. 2
connected thereto and the drain D having the line 27 in
FIG. 2 connected thereto. Reference symbol CG indi-
cates the control gate which is connected to the word
line W in FIG. 2. A floating gate FG is formed directly
beneath the control gate CG and sandwiched by insula-
tors.

Returning to FIG. 2 again, taking the aforementioned
case as an example, data are written only in the FAMOS
transistors 21 and 23. In other words, the electrons are
injected only into the floating gates FG of the FAMOS
transistors 21 and 23. Under such circumstance, each
threshold level of these FAMOS transistors 21 and 23
increases and these transistors are transformed into

seemingly normally-off transistors.
~ Thus, the address pattern identical to the address
-input for the defective cell is written, as a whole, into all

"~ the FAMOS transistors 21 through 24. The writing into

the FAMOS transistors (when, in FIG. 2, the signal P is
changed to “H”, while the signal P is changed to “L”’)
will be explained below, in which the memory actually
‘achieves the access operation.
During the access operation, if the address input of,
- for example (ap, ap-an, a,)=(1, 0-1, 0) is supplied, the
-address input specifies the defective cell, the gate tran-
~sistors 31 and 33 are turned on and the gate transistors
-:32 and 34 are turned off. However, as previously men-
~tioned, the FAMOS transistors 21 and 23, which are
‘respectively connected to the turned-on gate transistors
31 and 33, have changed to be normally off (it should be
understood that about 3 V is now applied to the word
line W), and, therefore, the paths between the line 27
and ground GND are all isolated. As a result, the level
of the line 27 increases to the “H” level (V.. level). The
“H” level forms the output appearing at the portion
(n), which deactivates the decoder circuit 13 and acti-
vates the decoder circuit 16. Thus, the redundancy cell
15 1s selected.
_ With address patterns other than the pattern of (ap,
ag-an, an)=(1, 0-1, 0), at least one of the paths is always
conductive. Therefore, the line 27 is maintained at the
level of ground GND. That 1s, the “L” level output 1s
always given to the portion (n). Thus, the main de-
coder 13 is activated. |

The problem with the redundancy decoder circuit of
FIG. 2 resides in its reliability. According to the prior
example, during the write mode, the write operations
are conducted in the FAMOS transistors 21 and 23. In
this case, the write operation may be unintentionally
performed in any of the FAMOS transistors, other than
FAMOS transistors 21 and 23, in which data 1s not to be
written, even during a usual memory access mode other
than the write operation mode.

Under a usual memory access mode, as previously
mentioned, each of the FAMOS transistors receives, at
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its drain D, the voltage V.. (about 5 V) and, at its con-
trol gates CG, the voltage of about 3 V is supplied via
the word line W. Under these conditions, injection of
hot electrons into the floating gates FG cannot be guar-
anteed not to occur.

The reason for this may be considered to be the short-
ening of channels of the FAMOS transistors. The neces-
sity for a redundancy decoder circuit arises from the
high integration of the memory cells. In highly inte-
grated memory cells, the channel length of each transis-
tor is currently as short as approximately 2 um. Conse-
quently, there is a considerable chance of erroneous
write operations.

An object of the present invention is generally to
provide, as previously mentioned, a semiconductor
memory device including a redundancy decoder circuit
which is suitable for practical use, more specifically, to

provide a redundancy decoder circuit in which almost

all erroneous write operations are prevented.

FIG. 4 1s a circuit diagram of a redundancy decoder
circuit according to the present invention. In FIG. 4,
members the same as those of FIG. 2 are represented by
the same reference numerals or symbols. The differ-
ences lie in the use of transistors 41, 42, 43 and 44, which
are all depletion-type FAMOS transistors (depletion
type is symbolized by the small circle in each FAMOS
transistor symbol, as shown in FIG. 4). In addition,
ground level or lower (in this figure, referred to as “0
V™) is applied to the word line W to which the control
gates of the transistors 41 through 44 are commonly
connected. It should be noted that 0 V 1s applied thereto
only during the usual memory access mode. During the

‘write operation, however, a voltage of approximately

20 V is applied thereto, as in FIG. 2.

The reasons for the differences of FIG. 4 as com-
pared with FIG. 2 are as follows. Generally, hole and
electron pairs are produced at a region close to the
drain of each FAMOS transistor. Of the pairs, only the
electrons are injected into the floating gate FG so that
the write operation is performed therein. In this case,
the injection is achieved by attraction of the electrons to
the control gate CG having the positive voltage. There-
fore, if the control gate CG is maintained, during the
usual memory access mode, at ground level or lower,
no injection of hot electrons to the floating gate can
take place, regardless of whether the hot electrons exist
at the region close to the drain. Consequently, under
such conditions, no erroneous write operation occurs.

Thus, ground level or lower is applied to the word
line W. It is practical to use the voltage of ground level
rather than a lower voltage because the lower voltage
level is optionally and externally supplied. Now, if the
voltage of ground level is applied to the word line W
and if the FAMOS transistors are all made of enhance-
ment type FAMOS transistors as in FIG. 2, the desired
operation would not be achieved. That is, in such a case,
all the FAMOS transistors would be placed in the nor-
mally-off state during the usual memory access mode.
With nonconductive transistors, the level at n would
be charged to about the V.. level and, therefore, the
main decoder circuit 13, available for the usual memory
accessing, would be made nonactive. Accordingly, the
FAMOS transistors must be of the depletion type, so
that even when the voltage of ground level is applied to
the word line, each FAMOS transistor in which data is
written (having the floating gate in which the electrons
are injected) is maintained in an off condition, while
each FAMOS transistor in which no data is written
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(having no such electron injection) is maintained in an
on condition.

This makes it possible to construct a redundancy
decoder circuit which does not produce a write error,

while maintaining the same function as in the circuit of 5

FIG. 2, by introducing the FAMOS transistors 41
through 44 therein.

As explained above, according to the present inven-

tion, a redundancy decoder circuit which induces no
write error can be realized. As a result, the reliability of 10

a semiconductor memory device provided with such a
redundancy decoder circuit can be increased.

We claim: |

1. A semiconductor memory device, operatively con-
nected to recetve an address input signal, comprising:

a memory cell array including memory cells;

15

a decoder circuit, operatively connected to said mem-

ory cell array, for accessing a specified one of said
memory cells in accordance with the address input
signal; |

a redundancy memory cell, operatively connected to
sald decoder circuit, for replacing a defective mem-
ory cell in said memory cell array; and

a redundancy decoder circuit, operatively connected
to said decoder circuit, for receiving said address

20

25

input signal and producing a selection signal for

selecting said redundancy memory cell when the

received address input signal corresponds to the

address of the defective memory cell, said redun-
dancy decoder circuit including a plurality of de-
pletion-type FAMOS transistors, each of said

30

6

2. A semiconductor memory device as set forth in
claim 1, wherein said predetermined voltage is set, dur-
Ing an operation mode other than said write operation
mode, to ground level or lower.

3. A semiconductor memory device as set forth in
claim 2, further comprising gate transistors having first
and second side electrodes and gate electrodes and
wherein each of said depletion-type FAMOS transistors
having drains, the drains being commonly connected,
the control gates being commonly connected, and hav-
Ing sources, respectively, serially connected to said gate
transistors at the first side electrodes, the second side
electrodes of said gate transistors being grounded, the
gate electrodes receive the address input signal so as to
make selected ones of said gate transistors conductive
and the other said gate transistors nonconductive in
accordance with the address input signal.

4. A semiconductor memory device, operatively con-
nected to receive a write voltage and a power source
voltage, as set forth in claim 3, wherein the commonly
connected drains of said depletion type FAMOS tran-
sistors receive the write voltage during the write opera-
tion mode and the power source voltage during a mem-
ory access mode and, simultaneously, the control gates
of said depletion type FAMOS transistors receive the
predetermined voltage having ground level or lower.

>. A semiconductor memory device as set forth in
claim 4, further comprising a transistor pair, operatively
connected to the drains of said depletion-type FAMOS
transistors, wherein the write voltage and the power

- source voltage are selectively applied to said transistor

FAMOS transistors being selected or non-selected

in accordance with the selection signal and having
a floating gate and a control gate, a write operation
being performed in each of said selected FAMOS

transistors by applying a predetermined voltage to
said control gate of each of said FAMOS transis-

tors and by imnjecting hot electrons into each said

floating gate in dependence upon the predeter-

~ mined voltage applied to said control gate, thereby
inducing an electric field beneath the floating gate
in a direction which repulses the hot electrons.
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pair.

6. A semiconductor memory device as set forth in
claim 1, wherein said predetermined voltage is ground
level or lower and is applied only during a memory
access mode operation.

7. A semiconductor memory device as set forth in
claim 6, further comprising gate transistors, respec-
tively, operatively connected to said depletion-type
FAMOS transistors, for receiving the address input
signal. |

* * *x * %
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